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Abstract

Thisreportpresentsa specificatiorfor the Portals3.0 messaggassingnterface.Portals3.0is intendedo

allow scalablehigh-performanceetwork communicatiorbetweemodesof a parallelcomputingsystem.
Specifically it is designedo supporta parallelcomputingplatform composedf clustersof commodity
workstationsconnectedoy a commodity systemareanetwork fabric. In addition, Portals3.0 is well

suitedto massvely parallelprocessingandembeddedystems. Portals3.0 representsin adaptionof the
datamovementlayer developedfor massvely parallelprocessinglatforms,suchasthe 4500-nodédntel

TeraFLOPSnachine.
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Glossary

API Application Programminginterface. A definition of the functionsand semanticgprovided by
library of functions.

Group The collectionof processes loadedasa paralleljob.

Initiator A process thatinitiatesa messageperation.

Message An application-definedinit of datathatis exchangedetweerprocesses.

MessageOperation Eithera putoperationwhichwritesdata,or agetoperationwhich readsdata.

Network A network provides point-to-pointcommunicationbetweennodes. Internally, a network may

provide multiple routesbetweerendpointgto improve fault toleranceor to improve performance
characteristics)however, multiple pathswill notbe exposedoutsideof the network.

Node A nodeis anendpointin a network. Nodesprovide processingapabilitiecsandmemory A node
may provide multiple processorgan SMP node)or it may actasa gateway betweemetworks.

Process Theinstantiationof anexecutingprogramon a node.

Rank Eachprocessin agroup is assignea uniqueintegerin therange0 to n, wheren is the numberof
processes in the group.

Target A process thatis acteduponby a messag®peration.



The Portals 3.0 MessagePassingSystem
Revision 1.0

1 Intr oduction

1.1 Overview

This documentescribesan applicationprogrammingnterfacefor messag@assingoetweemodesin a systemarea
network. The goal of this interfaceis to improve the scalability and performanceof network communicationby
defining the functions and semanticsof messageassingrequiredfor scalinga parallel computingsystemto ten
thousandnodes. This goal is achieved by providing an interfacethat will allow a quality implementationto take
adwantageof theinherentlyscalabledesignof Portals.

This documents dividedinto severalsections:

Section1l—Intr oduction
This sectiondescribeshe purposeandscopeof the PortalsAPI.

Section2—An Overview of the Portals 3.0API
This sectiongivesa brief overview of the PortalsAPI. The goalis to introducethe key concepts
andterminologyusedin thedescriptionof the API.

Section3—The Portals 3.0 API
This sectiondescribeghe functionsandsemanticf the Portalsapplicationprogrammingnter-
face.

Section4—The Semanticsof Messagelransmission
This sectiondescribeshe semantic®f messag#ransmissionin particular theinformationtrans-
mittedin eachtype of messagandthe processingf incomingmessages.

Section5—Examples
This sectionpresentseveralexamplesntendedo illustratesthe useof the PortalsAPI.

1.2 Purpose

Existing messag@assingechnologiesvailablefor commodityclusternetworking hardwaredo not meetthe scala-
bility goalsrequiredby the Cplant[1] projectat SandiaNational Laboratories.The goal of the Cplantprojectis to
constructa commodity clusterthat can scaleto the orderof ten thousandhodes. This numbergreatly exceedsthe
capacityfor which existing messag@assingechnologiehave beendesignedandimplemented.

In additionto the scalabilityrequirement®f the network, thesetechnologiesnustalsobe ableto supporta scal-
ableimplementatiorof the MessagdPassingnterface(MPI) [7] standardwhich hasbhecomehede facto standardor
parallelscientificcomputing.While MPI doesnotimposeary scalabilitylimitations, existing messag@assingech-
nologiesdo not provide thefunctionalityneededo allow implementationef MPI to meetthe scalabilityrequirements
of Cplant.

Thefollowing arepropertiesof a network architectureghatdo notimposeary inherentscalabilitylimitations:

e ConnectionlessMany connection-orientedrchitecturessuchasVIA [3] andTCP/IPsoclets,have limitations
onthenumberof peerconnectionghatcanbeestablished.

e Network independence Many communicationsystemsdependon the host processoto performoperations
in orderfor messagem the network to be consumed Messageconsumptiorfrom the network shouldnot be
dependenbn hostprocessoactity, suchasthe operatingsystemscheduleor userlevel threadscheduler

e Userlevel flow control - Many communicatiorsystemamanageflow controlinternally to avoid depletingre-
sourcesyhich cansignificantlyimpactperformancesthe numberof communicatingprocessesicreases.

e OS Bypass- High performancenetwork communicationshould not involve memaory copiesinto or out of a
kernel-managegdrotocolstack.



Thefollowing arepropertieof a network architecturghatdo notimposescalabilitylimitations for animplemen-
tationof MPI:

e Recevermanaged Sendemmanagednessag@assingimplementationgsequirea persistenblock of memory
to beavailablefor every processrequiringmemoryresourceso increaseawith job sizeandrequiringuserlevel
flow controlmechanism$o manageheseresources.

e Userlevel Bypass While OSBypasss necessaryor high-performancet aloneis not sufficientto supportthe
Progresfkule of MPI asynchronousperations.

e UnexpectedmessagesFen communicatiorsystemshave supportfor recevving messagefor which thereis no
prior notification. Supportfor thesetypesof messagess necessaryo avoid flow controlandprotocoloverhead.

1.3 Background

Portalswereoriginally designedor andimplementedn the nCubemachineaspartof the SUNMOS (Sandia/UNM
0S)[6] andPuma[11] lightweightkerneldevelopmentprojects. Portalswentthroughtwo designphasesthe latter
of which is usedon the 4500-nodeintel TeraFLOPSmachine[10]. Portalshave beenvery successfuin meeting
the needsof sucha large machine not only asa layerfor a high-performancé/PI implementatior{2], but alsofor
implementingthe scalablerun-timeernvironmentandparallell/O capabilitiesof themachine.

The secondgeneratiorPortalsimplementationvas designedo take full advantageof the hardwarearchitecture
of large MPP machinesHowever, efforts to implementthis samedesignon commodityclustertechnologyidentified
severallimitations,dueto the differencesn network hardwareaswell asto shortcomingsn the designof Portals.

1.4 Scalability

Theprimarygoalin thedesignof Portalsis scalability Portalsaredesignedpecificallyfor animplementatiorcapable
of supportinga paralleljob runningon tenthousandhodes.Performancaes critical only in termsof scalability That
is, the level of messag@assingperformancas characterizedby how far it allows anapplicationto scaleandnot by
how it performsin atwo-nodeping-pongbenchmark.

Portalsare designedo allow for scalability not to guaranteat. Portalscannotovercomethe shortcomingsf a
poorly designedapplicationprogram.Applicationsthathave inherentscalabilitylimitations, eitherthroughdesignor
implementationwill not be transformedby Portalsinto scalableapplications. Scalability mustbe addressedt all
levels. Portalsdo notinhibit scalability but do notguaranteét either

To supportscalability the Portalsinterfacemaintainsa minimal amountof state.Portalsprovide reliable,ordered
delivery of messagedetweenpairs of processes.They are connectionlessa processs not requiredto explicitly
establisha point-to-pointconnectionwith anotherprocessn orderto communicateMoreover, all buffersusedin the
transmissiorof messageare maintainedin userspace. The target procesdeterminesow to respondio incoming
messageandmessagefor whichthereareno buffersarediscarded.

1.5 Communication Model

Portalscombinethe characteristicof both one-sideand two-sidedcommunication. They definea “matching put”
operationanda “matchingget” operation.The destinationof a put (or send)is not an explicit addressinstead.each
messageontainsa setof matchbits thatallow thereceverto determinevhereincomingmessageshouldbe placed.
This flexibility allows Portalsto supportbothtraditionalone-sidedperationsandtwo-sidedsend/receie operations.

Portalsallows thetargetto determinevhetherincomingmessageareacceptableA targetprocescanchooseo
acceptmessageperationsrom ary specificprocessor canchooseto ignore messag@perationdrom ary specific
process.

1.6 Zero Copy, OS Bypassand Application Bypass

In traditionalsystemarchitecturespetwork pacletsarrive atthe network interfacecard(NIC), arepassedhroughone
or moreprotocollayersin the operatingsystem,andeventuallycopiedinto the addresspaceof the application. As
network bandwidthbeganto approachmemorycopy rates,reductionof memorycopiesbecamea critical concern.



This concerreadto thedevelopmenbf zero-coly messag@assingprotocolsin which messageopiesareeliminated
or pipelinedto avoid thelossof bandwidth.

A typical zero-copy protocol hasthe NIC generatean interruptfor the CPU when a messagearrivesfrom the
network. The interrupt handlerthen controlsthe transferof the incoming messagento the addressspaceof the
appropriateapplication. The interruptlateng, the time from theinitiation of aninterruptuntil the interrupthandler
is running, is fairly significant. To avoid this cost,somemodernNICs have processorshat can be programmedo
implementpartof a messaggassingprotocol. Givena properlydesignedrotocol,it is possibleto programthe NIC
to control the transferof incoming messagesyithout needingto interruptthe CPU. Becausehis strat@y doesnot
needto involve the OS on every messagédransfer it is frequentlycalled“OS Bypass. ST [12], VIA [3], FM [5],
GM [9], andPortalsareexamplesof OS Bypassprotocols.

Many protocolsthat supportOS Bypassstill requirethat the applicationactively participatein the protocolto
ensureprogress. As an example, the long messagerotocol of PM requiresthat the applicationreceve andreply
to a requestto put or get a long message.This complicateshe runtime ervironment,requiringa threadto process
incomingrequestsandsignificantlyincreaseghe lateng requiredto initiate a long messagerotocol. The Portals
messag@assingprotocoldoesnot requireactiity on the partof the applicationto ensureprogress We usetheterm
“Application Bypassto referto this aspecif the Portalsprotocol.

2 An Overview of the Portals API

In this section,we give a conceptuabverview of the PortalsAPI. Thegoalis to provide a context for understanding
thedetaileddescriptionof the API presentedhn the next section.

2.1 Data Movement

A portalrepresentanopeningin theaddresspaceof aprocessOtherprocessesanuseaportalto read(get)or write
(put) the memoryassociatedvith the portal. Every datamovementoperationinvolvestwo processesthe initiator
andthetarget Theinitiator is the procesghatinitiatesthe datamovementoperation. The targetis the processhat
respondso the operatiorby eitheracceptinghe datafor a putoperationor replyingwith thedatafor agetoperation.

In this discussionactiities attributedto a processnayreferto actiities thatareactuallyperformedoy theprocess
or on behalf of the process. Theinclusivenessf our terminologyis importantin the context of application bypass.
In particular whenwe notethatthe targetsendsareply in the caseof a getoperationjt is possiblethatreply will be
generatedby anothercomponentn the systembypassingheapplication.

Figuresl and?2 presengraphicalinterpretation®of the Portaldatamovementoperationsputandget. In the case
of a putoperationtheinitiator sendsa put requesimessageontainingthe datato thetarget. Thetargettranslateghe
portaladdressingnformationin therequesusingits local portal structuresWhentherequestasbeenprocessedhe
targetoptionally sendsanacknavledgemenmessage.

Initiator Target
~ 9

Data
Transmission | ™=

Portal
Translation

~  Optional
Acknowledgemer|

—

Figurel: PortalPut(Send)
In the caseof a getoperation the initiator sendsa getrequesto the target. As with the put operation the target

translateghe portal addressingnformationin the requestusingits local portal structures.Onceit hastranslatedhe
portaladdressingnformation,thetargetsendsareply thatincludestherequestedlata.
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Initiator ___| Target

Request | —

Portal
Translation
4

| —
Transmission

Figure2: PortalGet

We shouldnotethatportaladdressranslationsareonly performedon nodeshatrespondo operationsnitiated by
othernodes.Acknowledgementsindrepliesto getoperationdbypasshe portalsaddresdranslationstructures.

2.2 Portal Addressing

One-sideddatamovementmodels(e.g.,shmem[4], ST [12], MPI-2 [8]) typically useatriple to addressnemoryon
aremotenode. This triple consistsof a procesdd, memorybuffer id, andoffset. The procesdd identifiesthe target
processthe memorybuffer id specifiegheregion of memoryto be usedfor the operationandthe offsetspecifiesan
offsetwithin the memorybuffer.

In additionto thestandarc&addresgomponentgprocessd, memorybufferid, andoffset),a portaladdressincludes
a setof matchbits. This addressingnodelis appropriatefor supportingone-sidedoperationsaswell astraditional
two-sidedmessageassingoperations. Specifically the PortalsAPI providesthe flexibility neededfor an efficient
implementatiorof MPI-1, which definestwo-sidedoperationsvith one-sidedsemantics.

Figure 3 presentsa graphicalrepresentatiorof the structuresusedby a targetin the interpretationof a portal
addressTheprocessd is usedto routethe messageo the appropriatenodeandis notreflectedn this diagram.The
memorybuffer id, calledthe portal id, is usedasanindex into the portal table. Eachelementof the portalstable
identifiesa matchlist. Eachelementof the matchlist specifiegwo bit patterns:a setof “don’t care”bits, anda setof
“must match”bits. In additionto thetwo setsof matchbits, eachmatchlist elementhasa list of memorydescriptors.
Eachmemorydescriptoridentifiesa memoryregion andan optional eventqueue. The memoryregion specifiesthe
memoryto be usedin the operationandthe eventqueues usedto recordinformationabouttheseoperations.

Portal Table Memory  Event Queue
Descriptor l Memory
List ' Region
Match List — | 9

?L% ‘
g_d L

-

Figure3: PortalAddressingStructures

Library Space . Application Space

Figure4 illustratesthe stepsinvolvedin translatinga portaladdressstartingfrom thefirst elementn a matchlist.
If the matchcriteriaspecifiedin the matchlist entry aremetandthefirst entryin the memorydescriptodist accepts
the operation, the operation(put or get) is performedusingthe memoryregion specifiedin the memorydescriptor
(Note, while the matchlist is searchedor a matchingentry, only the first elementin the memorydescriptorlist is

IMemory descriptorscan reject operationsbecausehe thresholdhasbeenexceededor dueto insuficient spacein the memoryregion, see
Section3.7
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consideredor the operation.)If the memorydescriptorspecifieghatit is to be unlinked aftera successfubperation,
it is unlinked from the list of memorydescriptors.Next, if the memorydescriptoris unlinked andthis emptiesthe
memorydescriptodist, thematchentrywill alsobeunlinkedif its unlink flag hasbeenset.Finally, if thereis anevent
gueuespecifiedn thememorydescriptorthe operationis loggedin the eventqueue.

Entry

Get Next |
Match Entry

b, Discard Increment
Message Drop Count _\\
> N0
Eé?:yv{?’? Unlink yes Record
P Memory Des¢ Event
Unlink

yes Match Entry yes
Perform Unlink no Event no Exit
Operation MD? Queue?

Figure4: PortalsAddressTranslation

If the matchcriteria specifiedin the matchlist entry are not met or the memorydescriptorassociatedvith the
matchlist entryrejectsthe operationthe addresdranslationcontinueswith the next matchlist entry. If theendof the
matchlist hasbeenreachedthe addresdranslationis abortedandtheincomingrequesteds discarded.

2.3 AccessControl

A processcancontrolaccesgo its portalsusinganaccessontrollist. Eachentryin the accessontrollist specifies
aprocessd, auserid, anda portaltableindex. Theaccessontrollist is actuallyanarrayof entries.Eachincoming
requestncludesanindex into theaccesgontrollist (i.e.,a“cookie” or hint). If theid of theprocessssuingtherequest
doesnt matchtheid specifiedn theaccesgontrollist entry, the userid of theissuingprocesgoesnt matchthe user
id specifiedn theentry; or the portaltableindex specifiedn therequestloesnt matchthe portaltableindex specified
in theaccesgontrollist entry, therequesis rejected.

Processdentifiers,useridentifiers,andportaltableindexesmayincludewildcardvaluesto increaseheflexibility
of this mechanismWhenthe accessontrollist is initialized, the entry with index zeroenablesaccesgo all portals
for all processem the sameapplication(andhencethe sameuserid) andthe entrywith index oneenablesaccesgo
all portalsfor all systemprocessesTheremainingentriesaresetto disableall otheraccess.

Two aspectf this designmerit further discussion.First, the modelassumeshat the informationin a message
headerthe senders id and userid in particulay is trustworthy. In most contexts, we assumethat the entity that
constructghe headeiis trustworthy; however, usingcryptographidechniqueswye could easilydevise a protocolthat
would ensurethe authenticityof the sender

Secondpecaus¢heaccessheckis performedoy therecever, it is possiblethatamaliciousprocesswill generate
thousandsf messagethatwill bedeniedby therecever. Thiscouldsaturatehenetwork and/ortherecever, resulting
in a denial of service attack. Moving the checkto the senderusing capabilities would remaove the potentialfor this
form of attack.However, thesolutionintroduceghe complecities of capabilitymanagementexchangeof capabilities,
revocation,protectionsgtc).
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3 The Portals API

3.1 Naming Conventions

ThePortalsAPI defineswo typesof entities:functionsandtypes.Functionalwaysstartwith Ptl andusemixedupper
andlower case Whenusedin the body of this report,functionnamesappeatin italic face,e.g.,PtlInit. Thefunctions
associatedavith anobjecttypewill have nameghatstartwith Ptl, followed by the two letter objecttype codeshovn
in Tablel. As anexample the function PtIEQAlloc allocategesourcedor aneventqueue.

Tablel: ObjectTypeCodes

XX Name Section
EQ EventQueue 3.8
MD  MemoryDescriptor 3.7
ME  MatchEntry 3.6

NI Network Interface 3.5

Type namesuselower casewith underscore$o separatavords. Eachtype namestartswith ptl_  andendswith
_t . Whenusedin the body of this report,type namesappeain afixedfont, e.g.,ptl_match_bits_t

Namesfor constantsiseuppercasewith underscore$o separatevords. Eachconstanthamestartswith PTL_.
Whenusedin thebody of this report,typenamesappeain afixedfont, e.g.,PTL_OK

3.2 BaseTypes

The PortalsAPI definesa variety of basetypes. Thesetypesrepresent simplerenamingof the basetypesprovided
by the C programmindanguage.In mostcaseghesenew type nameshave beenintroducedto improve type safety
andto avoid issuesarisingfrom differencesn representatiosizes(e.g.,16-bit or 32-bitintegers).

3.2.1 Sizes

Thetypeptl_size_t is anunsignedntegral type usedfor representingizes.

3.2.2 Handles

Objectamaintainedy the APl areaccessethroughhandlesHandletypeshavenamesf theformptl_handle_.  xx _t,
wherexx is oneof thetwo letterobjecttype codesshovn in Tablel. For example,thetypeptl_handle ni_t is
usedfor network interfacehandles.

Eachtypeof objectis givenauniquehandletypeto enhanceaypechecking.Thetype,ptl_handle_any t ,can
beusedwhenagenerichandleis neededEveryhandlevaluecanbecorvertedinto avalueof typeptl_handle_any t
withoutlossof information.

Handlesarenot simplevalues.Every portalsobjectis associateavith a specificnetwork interfaceandanidentifier
for thisinterface(alongwith anobjectidentifier)is partof the handlefor the object.

3.2.3 Indexes

Thetypesptl_pt_index_t andptl_ac_index_t areintegral typesusedfor representingortaltableindexes
andaccesgontroltablesindexes,respectiely.

3.2.4 Match Bits
Thetypeptl_match_bits_t is capableof holdingunsigneds4-bitintegervalues.
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3.2.5 Network Interfaces

Thetypeptl_interface_t is anintegral type usedfor identifying differentnetwork interfaces.Userswill need
to consultthe local documentatiorto determineappropriatevaluesfor the interfacesavailable. The specialvalue
PTL_IFACE_DEFAULTIdentifiesthedefaultinterface.

3.2.6 Identifiers

Thetypeptl_id_t isanintegraltypeusedfor representingroupids, nodeids, processds, andrankids.

3.2.7 StatusRegisters

Eachnetwork interfacemaintainsanarrayof statusregistersthatcanbe accessedsingthe PtINIStatus function
(seeSection3.5.4). Thetypeptl_sr_index_t defineghetypesof indexesthatcanbeusedio accesshestatuseg-
isters. Theonly index definedfor all implementationss PTL_SR_DROP_COUN#hich identifiesthe statusregister
thatcountsthedroppedequestdgor theinterface.Otherindexes(andregisters)maybedefinedby theimplementation.

Thetypeptl_sr_value_t definesthe typesof valuesheld in statusregisters. This is a signedinteger type.
Thesizeis implementatiordependenthut mustbe at least32 bits.

3.3 Initialization and Cleanup

The PortalsAPI includesa function, PtlInit, to initialize the library and a function, PtIFini, to cleanupafter the
applicationis doneusingthelibrary.

3.3.1 Ptlinit

int  Ptlinit( void );

The PtlInit function initializes the Portalslibrary. This function shouldbe calledby all processeé an application
beforecalling ary of the functionsdefinedby the Portal API. This function shouldbe called at leastonceduring
initialization by eachprocessn a paralleljob.

Return Codes

PTL _OK Indicatessuccess.
PTL_FAIL Indicatesanerrorduringinitialization.

Implementation Notes

This operationmaybeimplementedasa collective operationinvolving all of theprocesses a group.

3.3.2 PtlFini
void  PtIFini( void );

The PtIFini function cleansup afterthe Portalslibrary is no longerneededy a process After this functionis called,
callsto ary of thefunctionsdefinedby the Portal API or useof the structuressetup by the PortalsAPI will resultin
undefinedehaior. Thisfunctionshouldbecalledonceandonly onceduringterminationby eachprocessn aparallel
job. Typically, this functionwill becalledin the exit sequencef eachprocess.

14



3.4 Procesddentification

Processethat usethe PortalsAPI, canbe identifiedusinga nodeid and processd. Every nodein the computing
systemhasa uniquenodeidentifierandevery processunningon a nodehasa uniqueprocessdentifier. As such,ary
processn thecomputingsystemcanbeidentifiedby its nodeid andprocessd. Processesanalsobeidentifiedusing
agroupid andrankid. Whena portalsjob is loaded,it is givena uniquegroupidentifier In addition,eachprocessn
thejob is assignedh uniquerankid startingatzero.

The PortalsAPI definesa type, ptl_process_id t for representingprocessds usingeitheror both of the
schemesafunction, PtIGetld, which canbe usedto obtaintheid of the currentprocessandafunction,PtlTransld, to
translateaddressebetweerthetwo schemes.

3.4.1 TheProcesdd Type
typedef enum { PTL_ADDR_NID, PTL_ADDR_GID, PTL_ADDR_BOTH ptl_addr_kind_t;

typedef  struct  {

ptl_addr_kind_t addr_kind; /* kind of address pair */
ptl_id_t nid, pid; /* node id, process id *
ptl_id_t gid, rid; /* group id, rank id */

} ptl_process_id t;

Theptl_process_id_t type usesa tag andup to four identifiersto represent processd. Wheneer a process
id is filled in by the interface (e.g., by PtIGetld or when an eventis recorded),the addr_kind memberis set
to PTL_ADDR_BOTHandall four of the four remainingmemberswill be setto the appropriatevalues. Whena
procesdd is passedo anoperationin the PortalsAPI (e.g.,PtIGetld or PtiGet), theaddr_kind membemustbe
PTL_ADDR_NIDorPTL_ADDR_GIDandthenid andpid orgid andrid membersnustbefilled in, respectiely.

3.4.2 PtlGetld

int  PtiGetld( ptl_handle_ni_t ni_handle,
ptl_process_id_t* id,
ptl_id_t* gsize );

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL _SEGV Indicateghatid orgsize isnotalegaladdress.
Arguments
handle input A network interfacehandle.
id output On successfuteturn,thislocationwill holdtheid for the calling process.
gsize output On successfuteturn,this locationwill hold the numberof processes theprocess

groupfor this process.

Implementation Notes

Noticethatprocessdentifiersareindependendf the network interface(sJusedby the process.

3.4.3 PtlTransld

int  PtlTransld( ptl_handle_ni_t ni_handle,
ptl_process_id_t old_id,
ptl_process_id *new_id );
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Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL _SEGV Indicateshatid is notalegaladdress.

PTL_ADDR_UNKNOWNdicateshattheaddressouldnotbetranslated.

Arguments
ni_handle input A network interfacehandle.
id input The processaddresgo betranslated This addresshouldbe expressedisingnid, pid

or gid, rid addressingi,.e.,addr_kind  shouldbe PTL_ADDR_NIDor
PTL_ADDR_GID

new_id output On successfuteturn,this locationwill hold a processaaddreswith all four address
memberdilled in, i.e.,addr_kind  will bePTL_ADDR_BOTH

Implementation Notes

This operatiorshouldbeimplementedisalocal operation.Thatis, the API shouldnot queryothernodeso determine
thetranslationfor a processaddress As a minimum, the API shouldbe ableto translateany addressefor processes
in the samegroupasthe calling process Othertranslationcanbe provided at the discretionof theimplementor For
example,an implementationrmay maintaina cacheof recentaddresseshatit hasseen. (Every incoming message
includesall four addressefor the sendingprocess.)

3.5 Network Interfaces

The PortalsAPI supportghe useof multiple network interfaces.However, eachinterfaceis treatedasanindependent
entity. Combininginterfaces(e.qg.,"bonding” to createa higherbandwidthconnectionimustbe implementecby the
applicationor embeddedn the underlyingnetwork. Interfacesaretreatedasindependenéntitiesto make it easierto
cacheinformationon individual network interfacecards.

Onceinitialized, eachinterfaceprovidesa portaltable,anaccesgontroltable,anda collectionof statusregisters.
SeeSection3.6for adiscussiorof updatingportaltableentriesusingthe PtIMEAttach function. SeeSection3.9for a
discussiorof theinitialization andupdatingof entriesin theaccesgontroltable. SeeSection3.5.4for a discussiorof
the PtINISatus functionwhich canbe usedto determinethe valueof a statusregister

Everyothertypeof Portalobject(e.g.,memorydescriptoyeventqueue por matchentry)is associatewvith aspecific
network interface. The associatiorto a network interfaceis establishedvhenthe objectis createdandis encodedn
thehandlefor the object.

Eachnetwork interfaceis initialized and shutdavn independently The initialization routine, PtINIInit, returnsa
handlefor aninterfaceobjectwhich is usedin all subsequenportal operations. The PtINIFini functionis usedto
shutdavn aninterfaceandreleaseary resourceshatareassociatedavith theinterface.

The PortalsAPI also definesthe PtINISatus function to query the statusregistersfor a network interface, the
PtINIDist function to determinethe “distance”to anotherprocessand the PtINIHandle function to determinethe
network interfacethatanobjectis associateavith.

3.5.1 PtINIInit

int  PtINIInit( ptl_interface_t interface,
ptl_pt_index_t ptl_size,
ptl_ac_index_t acl_size,
ptl_handle_ni_t* handle );

ThePtINIInit functionis usedto initialized the PortalsAPI for anetwork interface.Thisfunctionmustbecalledbefore
ary otheroperationghatapplyto the interface. It is not anerrorto initialize a network interfacemorethanoncein
thesameprocessCallsto this functionafterthefirst successfultall will continueto returnavalid network interface
handle.
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Return Codes

PTL _OK Indicatessuccess.

PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INIT_DUP Indicatesa duplicateinitialization of interface

PTL_INIT_INV Indicateghatinterface is notavalid network interface.
PTL_NOSPACE Indicateghatthereis insuficientmemoryto initialize theinterface.

PTL_INV_PSIZE Indicateghatptl_size isinvalid.
PTL_INV_ASIZE Indicateshatacl_size isinvalid.

PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
interface input Identifiesthe network interfaceto beinitialized. (Seesection3.2.5for a discussiorof
valuesusedto identify network interfaces.)
ptl_size input Specifiegshe numberof entriesin the portaltablefor this interface.
acl_size input Specifieghessizeof theaccessontrollist for thisinterface.(Seesection3.9 for more
informationaboutaccessontrollists.)
handle output On successfuteturn,this locationwill hold a handlefor theinterface.

Implementation Notes

Themaximumnumberof portaltableentriesallowedby aspecificinterfaceis implementatiordependentSomeportal
tableindexesmay be resened by the implementation.The initialization routineis a local operationand shouldnot
involve communicatiorwith any othernodes.

3.5.2 PtINIFini
int  PtINIFini( ptl_handle_ni_t interface );

ThePtINIFini functionis usedto releaseheresourcesllocatedfor anetwork interface.Oncethe PtINIFini operation
hasbeenstarted the resultsof pendingAPI operationge.g.,operationsnitiated by anotherthread)for this interface
areundefined.Similarly, the effectsof incomingoperationgputsandgets)or returnvalues(acknavledgementand
replies)for this interfaceareundefined.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicatesthatinterface is notavalid network interfacehandle.
Arguments

interface input A handlefor theinterfaceto shutdavn.

3.5.3 PtINIBarrier

int  PtINIBarrier( ptl_handle_ni_t interface );

The PtINIBarrier functionblocksthe calling procesauntil all processem the procesgrouphave invokedthe PtINI-
Barrier functionfor the specifiednterface.
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Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicateghatinterface is notavalid network interfacehandle.
Arguments

interface input A handlefor theinterfaceto use.

3.5.4 PtINIStatus

int  PtINIStatus( ptl_handle_ni_t interface,
ptl_sr_index_t register,
ptl_sr_value_t* status );

The PtINISatus function returnsthe value of a statusregisterfor the specifiedinterface. (Seesection3.2.7for more
informationon statusregisterindexesandstatusregistervalues.)

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicateghatinterface is notavalid network interfacehandle.
PTL_INV_SR_INDX Indicateshatregister  is notavalid statusregister
PTL _SEGV Indicateshatstatus is notalegaladdress.
Arguments
interface input A handlefor theinterfaceto use.
register input An index for the statusregisterto read.
status output On successfuteturn,this locationwill hold the currentvalueof the statusregister

Implementation Notes

Theonly statugregisterthatmustbe definedis adropcountregister(PTL_SR_DROP_COUNTmplementationgnay
defineadditionalstatusregisters.ldentifiersfor the indexesassociatedvith theseregistersshouldstartwith the prefix
PTL_SR..

3.5.5 PtINIDist

int  PtINIDist( ptl_handle_ni_t interface,
ptl_process_id_t process,
unsigned long* distance );

ThePtINIDist functionreturnsthedistanceto anothemprocesaisingthe specifiednterface.Distancesreonly defined
relative to aninterface.Distancecomparisondetweerdifferentinterfaceson the samenodemaybe meaningless.

Return Codes

PTL _OK Indicatessuccess.

PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicateghatinterface is notavalid network interfacehandle.
PTL_INV_PROC Indicateghatprocess is notavalid processdentifier.
PTL_SEGV Indicateghatdistance s notalegaladdress.
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Arguments

interface input A handlefor theinterfaceto use.
process input An identifierfor the processvhosedistancds beingrequested.
distance output On successfuteturn,this locationwill hold the distanceto theremoteprocess.

Implementation Notes

This function shouldreturna staticmeasuref distance Examplesnclude minimumlateng, theinverseof available
bandwidth,or the numberof switchesbetweerthetwo endpoints.

3.5.6 PtINIHandle

int  PtINIHandle( ptl_handle_any t handle,
ptl_handle_ni_t* interface );

ThePtINIHandle functionreturnsahandlefor the network interfacethatthe objectidentifiedby handle is associated
with. If the objectidentifiedby handle is anetwork interface thisfunctionreturnsthe samevalueit is passed.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_HANDLE Indicateghathandle is notavalid handle.
PTL _SEGV Indicateghatinterface is notalegaladdress.
Arguments
handle input A handlefor the object.
interface output On successfuteturn,this locationwill hold a handlefor thenetwork interface

associatedvith handle .

Implementation Notes

Every handleshould encodethe network interfaceand the objectid relative to this handle. Both are presumably
encodedisingintegervalues.

3.6 Match Entries and Match Lists

A matchlist is a chainof matchentries. Eachmatchentryincludesa list of memorydescriptorsanda setof match
criteria. Thematchcriteriacanbeusedto rejectincomingrequestdasedn processd and/orthe matchbits provided
in therequestA matchlist is createdusingthe PtIMEAttach functionwhich createsa matchlist consistingof asingle
matchentry, attacheghe matchlist to the specifiedportal index, and returnsa handlefor the matchentry. Match
entriescanbe dynamicallyinsertedandremovedfrom amatchlist usingthe PtIMEInsert andPtIMEUnIink functions.

3.6.1 PtIMEAttach
typedef enum { PTL_RETAIN, PTL UNLINK } ptl_unlink t;

int  PtIMEAttach( ptl_handle_ni_t interface,
ptl_pt_index_t index,
ptl_process_id_t matchid,
ptl_match_bits t match_bits,
ptl_match_bits t ignorebits,
ptl_unlink_t unlink,
ptl_handle_me_t* handle );
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Valuesof thetypeptl_unlink_t areusedo controlwhetheranitemis unlinkedfrom alist. ThevaluePTL_UNLINK
enablesunlinking. ThevaluePTL_RETAIN disablesunlinking.

The PtIMEAttach function createsa matchlist consistingof a singleentry andattacheghis list to the portaltable
forinterface . If theportaltablealreadyhasa matchlist attachedo the specifiedndex, theexisting list (including
ary attachednemorydescriptodists) mustfirst be unlinked.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INUSE Indicateghatthe portaltableindex alreadyhasa matchentryattached.

PTL_INV_PTINDEX Indicateghatindex is notavalid portaltableindex.
PTL_INV_PROC Indicateghatmatchid is notavalid processdentifier.

PTL_NOSPACE Indicategthatthereis insufficientmemoryto allocatethe matchentry.
PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
interface input A handlefor theinterfaceto use.
index input The portaltableindex wherethe matchlist shouldbe attached.
matchid input Specifiegshe matchcriteriafor the processd of therequestarThe constant
PTL_ID_ANY canbeusedto wildcardary of theidsin theptl_process_id_t
structure.
match_bits, input Specifythe matchcriteriato applyto the matchbits in theincomingrequest.The
ig- ignorebits areusedto maskoutinsignificantbitsin theincomingmatchbits. The
norebits resultingbits arethencomparedo the matchentry’s matchbits to determineaf the
incomingrequesmeetshe matchcriteria.
unlink input Indicatesthe matchlist entryshouldbe unlinkedwhenthe lastmemorydescriptor

associatedavith this matchentryis unlinked. (Note, the checkfor unlinking a match
entryonly occurswhena memorydescriptolis unlinkedandthis leavesthe memory
descriptotist empty)

handle output On successfuteturn,this locationwill hold a handlefor thenewly createdmatch
entry.

3.6.2 PtIMEInsert
typedef enum { PTL_INS BEFORE, PTL_INS AFTER } ptl_ins_pos_t;

int  PtIMEInsert( ptl_handle_me_t current,
ptl_process_id_t matchid,
ptl_match_bits t match_bits,
ptl_match_bits t ignorebits,
ptl_unlink_t unlink,
ptl_ins_pos_t position,
ptl_handle_me_t* handle );

Valuesof thetypeptl_ins_pos_t areusedo controlwhereanew itemisinsertedn alist. ThevaluePTL_INS BEFORE
is usedto insertthe new item beforethe currentitem. ThevaluePTL_INS_AFTER is usedto insertthe new item
afterthe currentitem.

ThePtIMEInsert functioncreates new matchentryandinsertsthis entryinto thematchlist containingcurrent
Return Codes

PTL _OK Indicatessuccess.
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PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_PROC Indicateshatmatchid is notavalid processdentifier.
PTL_INV_ME Indicateshatcurrent is notavalid matchentryhandle.

PTL_ML_TOOLONG Indicatesthat the resultingmatchlist is too long. The maximumlengthfor a matchlist is
definedby theinterface.

PTL_NOSPACE Indicateghatthereis insufficient memoryto allocatethe matchentry.
PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
current input A handlefor amatchentry. The new matchentrywill beinsertedmmediatelybefore
or immediatelyafterthis matchentry.
matchid, input Seethediscussiorfor PtIMEAttach.
match_bits,
ig-
norebits,
unlink
position input Indicateswhetherthe newv matchentryshouldbeinsertedbeforeor afterthe
current  entry.
handle input Seethediscussiorfor PtIMEAttach.

3.6.3 PtIMEUnIink
int  PtIMEUnNIink( ptl_handle_me_t entry );

The PtIMEUnIink function canbe usedto unlink a matchentry from a matchlist. This operationalsoreleasesry
resourcesmssociateavith the matchentry (including the list of associatednemorydescriptors).It is anerrorto use
thematchentry handleaftercalling PtIMEUnNIink.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_ME Indicateghatentry is notavalid matchentryhandle.
Arguments

entry input A handlefor the matchentryto beunlinked.

3.7 Memory Descriptors

A memorydescriptorcontainsinformation abouta region of an applicationprocess’memoryand an event queue
whereinformationaboutthe operationgerformedon the memorydescriptorarerecorded.The PortalsAPI provides
threeoperationgto creatememorydescriptors:PtIMDAttach, PtIMEInsert, and PtIMEBind; an operationto update
amemorydescriptoy PttIMDUpdate; andanoperationto unlink andreleasehe resourcesssociateavith a memory
descriptor PtIMDUnIlink.

3.7.1 The Memory Descriptor Type
typedef  struct  {

void* start;
ptl_size t length;

int threshold,;
unsigned int options;
void* user_ptr;
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ptl_handle_eq_t eventq;
} ptl_md_t;

Theptl_md_t
andupdatethe memorydescriptors.

Members

start,

threshold

options

length

type definesthe applicationview of a memorydescriptor Valuesof this type are usedto initialize

Specifythememoryregion associateavith thememorydescriptor Thestart memberspec-
ifies the startingaddresgor the memoryregionandthelength memberspecifieghelength
of theregion. Thestart membercanbe NULL providedthatthelength memberis zero.
(Zerolengthbuffers are usefulto recordevents.) Thereare no alignmentrestrictionson the
startingaddres®r thelengthof theregion; although,unalignednessagemaybeslower (i.e.,
lower bandwidthand/orlongerlateng) on someimplementations.
Specifieghemaximumnumberof operationghatcanbe performedonthememorydescriptor
An operationis ary actionthatcould possiblygeneratean event (seeSectionsec:ek-typdor
the differenttypesof events). In the usualcase the thresholdvalueis decrementedor each
operationon the memorydescriptor Whenthe thresholdvalueis zero,the memorydescriptor
is inactive, and doesnot respondto operations. A memory descriptorcan have an initial
thresholdvalue of zeroto allow for manipulationof an inactve memorydescriptorby the
local process A thresholdvalueof PTL_MD_THRESH_INFKndicatesthatthereis no bound
on the numberof operationsthat may be appliedto a memorydescriptor Note that local
operationge.g.,PtIMDUpdate) arenot appliedto the thresholdcount.

Specifieghe behaior of the memorydescriptor Therearefive optionsthatcanbe selected:
enableput operationgyesor no), enablegetoperationgyesor no), offsetmanagementiocal
or remote) messagéruncation(yesor no), andacknaledgementyesor no). Valuesfor this
argumentcanbe constructedisingabitwise or of thefollowing values:

PTL_MD_OP_PUT Specifiesthat the memorydescriptorwill respondto put
operations.By default, memorydescriptorgejectput op-
erations.

PTL_MD_OP_GET Specifiesthat the memorydescriptorwill respondto get
operations.By default, memorydescriptorgejectget op-
erations.

PTL_MD_MANAGE_REMOHpecifieghatthe offsetusedin accessinghe mem-
ory regionis providedby theincomingrequestBy default,
the offsetis maintainedocally. Whenthe offsetis main-
tainedlocally, the offsetis incrementedy thelengthof the
requesiso thatthe next operationwill accesghe next part
of thememoryregion.

PTL_MD_TRUNCATEpecifieghatthe lengthprovidedin the incomingrequest
canbe reducedto matchthe memoryavailablein the re-
gion. (The memoryavailablein a memoryregion is de-
terminedby subtractingthe offset from the length of the
memoryregion.) By default, if the lengthin the incoming
operationis greaterthanthe amountof memoryavailable,
theoperationis rejected.

PTL_MD_ACK_DISABLESpecifieghatanacknaviedgemenshouldnot be sent
for incomingput operationsgvenif requestedBy default,
acknavledgementsaresentfor put operationghatrequest
an acknavledgement. Acknowledgementsare never sent
for get operations.Thevaluesentin thereply senesasan
implicit acknavledgement.

Note: It is not consideredan error to have a memory descriptorthat doesnot respondto
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eitherput or get operations:Every memorydescriptorespondgo reply operations.Nor is it
considerednerrorto have amemorydescriptorthatrespondso both put andget operations.

user_ptr A userspecifiedvaluethatis associateavith the memorydescriptor The valuedoesnot need
to beapointer, but mustfit in thespaceusedby apointer This value(alongwith othervalues)
is recordedn eventsassociateavith operationson this memorydescripto?

eventq A handlefor the event queueusedto log the operationsperformedon the memoryregion.
If thisargumentis PTI_EQ_NONE operationgerformedon this memorydescriptorare not
logged.

3.7.2 PtIMD Attach

int  PtIMDAttach( ptl_handle_me_t match,
ptl_md_t mem_desc,
ptl_unlink_t unlink,

ptl_handle_md_t* handle );
The PtIMDAttach operationis usedto createa memorydescriptorlist consistingof a singlememorydescriptorand

attachthis list to a matchentry. If this matchentry alreadyhasa list of memorydescriptorsthe existing memory
descriptorsnustfirst be unlinked.

Return Codes

PTL _OK Indicatessuccess.

PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.

PTL_INUSE Indicateghatmatch alreadyhasa memorydescriptorattached.

PTL_INV_ME Indicateghatmatch is notavalid matchentryhandle.

PTL_ILL_MD Indicatesthat mem_desc is not a legal memorydescriptor This may happenbecausehe

memoryregion definedin mem_desc is invalid or becauséahe network interfaceassociated
with the eventq in mem_desc is not the sameas the network interface associatedvith

match .
PTL_NOSPACE Indicateghatthereis insuficient memoryto allocatethe memorydescriptor
PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
match input A handlefor the matchentrythatthe memorydescriptowill beassociatedavith.
mem_desc  input Providesinitial valuesfor the applicationvisible partsof amemorydescriptor Other

thanits usefor initialization, thereis no linkagebetweerthis structureandthe
memorydescriptormaintainedoy the API.

unlink input A flag to indicatewhetherthe memorydescriptoiis unlinkedwhenits thresholddrops
to zero.(Note,the checkfor unlinking a memorydescriptoronly occurswhenthe
thresholdtransitionsfrom oneto zerowhenrespondingo anoperation.If the
thresholds setto zeroduringinitialization or usingPtiMDUpdate, the memory
descriptoiis not unlinked.)

handle output On successfuteturn,this locationwill hold a handlefor thenewly createdmemory
descriptor Thehandle amumentcanbeNULL, in which casethe handlewill not
bereturned.

2Tying the memorydescriptorto a userdefinedvalue can be usefulwhen multiple memorydescriptorsharethe sameevent queueor when
the memorydescriptorneedsto be associatedvith a datastructuremaintainedby the application. For example,an MPI implementationcan
settheuser_ptr  amgumentto the value of an MPI Request.This direct associatiorallows for processingpf memorydescriptors by the MPI
implementatiorwithout a tablelookupor a searchfor the appropriateMP| Request.
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3.7.3 PtIMDInsert

int  PtIMDInsert( ptl_handle_md t current,
ptl_md_t mem_desc,
ptl_unlink_t unlink,
ptl_ins_pos_t position,

ptl_handle_md_t* handle );

ThePtIMDInsert createsa new memorydescriptorandlinks it into thelist containingcurrent

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_ILL_MD Indicateshatmem_descis notalegal memorydescriptor(e.g.,the memoryregion specified
by the memorydescriptormaybeinvalid).
PTL_INV_MD Indicateghatcurrent is notavalid memorydescriptohandle.
PTL_NOSPACE Indicateghatthereis insuficient memoryto allocatethe memorydescriptor
PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
current input A handlefor amemorydescriptor The new memorydescriptomwill beinserted
immediatelybeforeor immediatelyafterthis memorydescriptor
mem_desc, input Seethediscussiorfor PtIMDAttach.
unlink
position input Indicateswhetherthe new memorydescriptorshouldbeinsertedbeforeor afterthe
current  entry.
handle output Seethediscussiorfor PtIMDAttach.

3.7.4 PtIMDBind

int PtIMDBInd(  ptl_handle_ni_t interface,
ptl_md_t mem_desc,
ptl_handle_md_t* handle );

The PtIMDBInd operationis usedto createa “free floating” memorydescriptoyi.e., a memorydescriptorthatis not
partof the memorydescriptotist for a matchentry,

Return Codes

PTL _OK Indicatessuccess.

PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.

PTL_INV_NI Indicateghatinterface is notavalid matchentryhandle.

PTL_ILL_MD Indicatesthat mem_desc is not a legal memorydescriptor This may happenbecausehe

memoryregion definedin mem_desc is invalid or becausehe network interfaceassociated
with theeventq in mem_descis notthe sameasthenetwork interface,interface

PTL_NOSPACE Indicateghatthereis insuficient memoryto allocatethe memorydescriptor
PTL_SEGV Indicateghathandle is notalegaladdress.
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Arguments

interface input A handlefor thenetwork interfacethatthe memorydescriptowill be associatedvith.

mem_desc  input Providesinitial valuesfor the applicationvisible partsof amemorydescriptor Other
thanits usefor initialization, thereis no linkagebetweerthis structureandthe
memorydescriptormaintainedoy the API.

handle output On successfuteturn,this locationwill hold a handlefor thenewly createdmemory
descriptorThehandle amgumentmustbeavalid addres@ndcannotbe NULL.

3.7.5 PtIMDUnlink
int  PtIMDUnNlink( ptl_handle_md t mem_desc );
The PtIMDUnIink function unlinks the memorydescriptorfrom any memorydescriptorist it may be linked to and

releasesheresourcesssociatesvith amemorydescriptor (This functiondoesnotfreethe memoryregion associated
with the memorydescriptor)

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_MD Indicateghatmem_desc is notavalid memorydescriptothandle.
Arguments

mem_desc  input A handlefor the memorydescriptorto bereleased.

3.7.6 PtIMDUpdate

int PtiIMDUpdate( ptl_handle_md t mem_desc,
ptl_md_t* old,
ptl_md_t* new,
ptl_handle_eq_t testq );

The PtIMDUpdate function providesa conditional,atomic updateoperationfor memorydescriptors.If old is not
NULL, the currentvalueof the memorydescriptoridentifiedby mem_desc is recordedn the locationidentified by
old . If new is not NULL the memorydescriptoridentified by handlewill be updatedto reflectthe valuesin the
structurepointedto by new if testqg hasthevaluePTL_EQ_ NONBr if the eventqueueidentifiedby testq is
empty

Return Codes

PTL _OK Indicatessuccess.

PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.

PTL_NOUPDATE Indicateghattheupdatewasnot performedbecausd¢estq wasnotempty

PTL_INV_MD Indicateghatmem_desc is notavalid memorydescriptothandle.

PTL_ILL_MD Indicatesthatthe valuepointedto by new is not a legal memorydescriptor(e.g.,thememory
region specifiecdby the memorydescriptomay beinvalid).

PTL_INV_EQ Indicateghattestq is notavalid eventqueuehandle.

PTL_SEGV Indicateghatnew or old is notalegaladdress.
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Arguments

mem_desc  input A handlefor the memorydescriptorto update.

old output If old is notthevalueNULL, the currentvalueof the memorydescriptomwill be
storedin thelocationidentifiedby old .

new input If new is notthe valueNULL, thisargumentprovidesthe new valuesfor the memory
descriptorif theupdateis performed.

testq input A handlefor aneventqueueusedto predicateheupdate If testq is equalto

PTL_EQ_NONRheupdates performedunconditionally Otherwise the updateis
performedf andonly if testq is empty If theupdateis not performedthefunction
returnsthevaluePTL_NOUPDATHENote,thetestq argumentdoesnotneedto be
thesameasthe eventqueueassociatedvith the memorydescriptor)
The conditionalupdatecanbe usedto ensurehatthe memorydescriptothasnot changedetweerthetime it was
examinedandthetimeit is updated.In particular it is neededo supportan MPI implementatiorwheretheactiity of
searchinganunexpectedmessagegueueandpostinga receve mustbe atomic.

3.8 Eventsand Event Queues

Eventqueuesareusedto log operationgperformedon memorydescriptors.They canalsobe usedto hold acknawl-
edgementdor completedput operationsandto note whenthe dataspecifiedin a put operationhasbeensent(i.e.,
whenit is safeto reusethe buffer thatholdsthis data).Multiple memorydescriptorcansharea singleeventqueue.

In additionto the ptl_handle_eq_t type, the PortalsAPI definestwo typesassociatedvith events: The
ptl_event_kind_t type definesthe kinds of eventsthat canbe storedin an eventqueue.The ptl_event_t
typedefinesa structurethatholdsthe informationassociateavith anevent.

The PortalsAPI alsoprovidesfive functionsfor dealingwith event queues:The PtIEQAIloc functionis usedto
allocatethe API resourcesieededor an eventqueue the PtIEQFree functionis usedto releaseheseresourcesthe
PtIEQCount functioncanbeusedto obtainthenumberof eventsin aneventqueuethe PtIEQGet functioncanbeused
to getthe next eventfrom aneventqueue andthe PtIEQWait function canbe usedto block a procesgor thread)until
aneventqueuehasat leastoneevent.

3.8.1 Kinds of Events

typedef enum {
PTL_EVENT_GET,
PTL_EVENT_PUT,
PTL_EVENT_REPLY,
PTL_EVENT_ACK,
PTL_EVENT_SENT
} ptl_event kind t;

The PortalsAPI definesfive typesof eventsthatcanbeloggedin aneventqueue:

PTL_EVENT_GET A remoteget operationwasperformedonthememorydescriptor Thiseventis loggedafterthe
reply hasbeensentby thelocal node. As such,the procesould free the memorydescriptor
onceit seeghis event.

PTL_EVENT_PUT A remoteput operationwas performedon the memorydescriptor This eventis loggedafter
thedata(if any) is written into the memorydescriptorandaftertheacknavliedgementif ary)
hasbeensent.

PTL_EVENT_REPLYA reply hasbeenreceved for the memorydescriptor This eventis loggedafter the data(if
ary) from thereply hasbeenwritten into the memorydescriptor

PTL_EVENT_ACK An acknowledgement wasreceved. This eventis loggedwhenthe acknavledgements re-
ceived

PTL_EVENT_SENT An outgoingbuffer wassent(seeSection3.10.1). This eventis loggedafterthe entire buffer
hasbeensentandit is safefor the applicationto reusethe buffer.
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3.8.2 The Event Type

typedef  struct {

ptl_event_kind_t type;
unsigned int sequence;
ptl_process_id_t initiator;
ptl_pt_index _t portal;
ptl_match_bits t match_bits;
ptl_size t rlength;
ptl_size t mlength;
ptl_size t offset;
ptl_md_t mem_desc;
ptl_hdr_data t hdr_data;

} ptl_event t;

An eventstructureincludesthefollowing members:

type
sequence
initiator
portal
match_bits

rlength
mlength

offset

mem_desc
hdr_data

3.8.3 PtIEQAIlloc
int  PtIEQAIloc(

Indicateghetype of operationthatgeneratedhe event.
Thesequencaumberof theevent.

Theid of theinitiator (groupid, rankid).
Theportaltableindex specifiedn therequest.

A copy of the matchbits specifiedin the request. Seesection3.6 for more informationon

matchbits.
Thelength(in bytes)specifiedn therequest.

Thelength(in bytes)of the datathatwasmanipulatedy the operation.For truncatedopera-
tions,the manipulatedengthwill bethe numberof bytesspecifiedby the memorydescriptor
(possiblywith anoffset) operation.For all otheroperationsthemanipulatedengthwill bethe

lengthof therequesteaperation.

Is the displacemen(in bytes)into the memoryregion thatthe operationused.The offsetcan
be determinedby the operation(seeSection3.10)for a remotemanagednemorydescriptor

or by thelocal memorydescriptor(seeSection3.7).
Is acopy of thememorydescriptoimmediatelyafterthe eventhasbeenprocessed.
64 bits of out-of-banduserdata(seeSection3.10.1).

ptl_handle_ni_t interface,
ptl_size t count,
ptl_handle_eq_t* handle );

The PtIEQAIloc functionis usedto build aneventqueue.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicateghatinterface is notavalid network interfacehandle.
PTL_NOSPACE Indicateshatthereis insuficientmemoryto allocatethe eventqueue.
PTL _SEGV Indicateshathandle is notalegaladdress.
Arguments
interface input A handlefor theinterfacethatthe eventqueuewill beassociatedvith.
count input Thenumberof eventsthatcanbe storedin theeventqueue.
handle output On successfuteturn,this locationwill hold a handlefor thenewly createdevent

queue.
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3.8.4 PtIEQFree
int PtIEQFree(  ptl_handle_eq_t eventq );

ThePtIEQFree functionreleasesheresourcesissociateavith aneventqueue.This functiondoesnotfreethememory
region associatedvith the eventqueue.lt is up to the userto insurethatno memorydescriptorsareassociatedavith
theeventqueueonceit is freed.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_EQ Indicateghateventq is notavalid eventqueuehandle.
Arguments

eventq input A handlefor the eventqueueto bereleased.

3.8.5 PtIEQCount

int  PIEQCount( ptl_handle_eq_t eventq,
ptl_size t* count );

The PTLEQCount functioncanbe usedto discoverthe numbereventsin aneventqueue.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_EQ Indicateghateventq is notavalid eventqueuehandle.
PTL_SEGV Indicateghatcount is notalegal address.
Arguments
eventq input A handlefor theeventqueue.
count output On successfuteturn,this locationwill hold the numberof eventsin theeventqueue.

3.8.6 PtIEQGet

int PIEQGet( ptl_handle_eq_t eventq,
ptl_event_t* event );

The PTLEQGet functionis a nonblockingfunctionthatcanbe usedto getthe next eventin aneventqueue.Theevent
is removedfrom thequeue.

Return Codes

PTL _OK Indicatessuccess.

PTL_EQ_DROPPED Indicatessuccesgi.e., aneventis returned)andthatat leastoneeventbetweerthis eventand
thelasteventobtainedusingPtlEQGet or PtIEQWAit) from this eventqueuehasbeendropped
dueto limited spacen theeventqueue.

PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_EQ_EMPTY Indicateghateventq isempty

PTL_INV_EQ Indicateghateventq is notavalid eventqueuehandle.
PTL_SEGV Indicateghatevent is notalegal address.
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Arguments

eventq input A handlefor theeventqueue.
event output On successfuteturn,thislocationwill hold thevaluesassociatedavith the next event
in theeventqueue.

3.8.7 PtIEQWait

int  PIREQWait(  ptl_handle_eq_t eventq,
ptl_event t* event );

The PTLEQWAIt function canbe usedto block the calling procesgthread)until thereis an eventin aneventqueue.
This function alsoreturnsthe next eventin the eventqueueandremovesthis eventfrom the queue.This is the only
blockingoperationin the Portals3.0 API.

Return Codes

PTL _OK Indicatessuccess.

PTL_EQ_DROPPED Indicatessuccesgi.e., aneventis returned)andthat at leastoneeventbetweerthis eventand
thelasteventobtainedusingPtlEQGet or PtIEQWAit) from this eventqueuehasbeendropped
dueto limited spacen theeventqueue.

PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_EQ Indicateghateventq is notavalid eventqueuehandle.
PTL _SEGV Indicateshatevent is notalegal addressqueuehandle.
Arguments
eventq input A handlefor the eventqueueto wait on. Thecalling procesgqthread)will be blocked
until eventq is notempty
event output Onsuccessfuteturn,this locationwill holdthevaluesassociatedvith the next event

in theeventqueue.

3.9 The AccessControl Table

Processesan usethe accesscontrol tableto control which processesnd/orwhich usersare allowed to perform
operationson portaltable entries. Eachcommunicatiorinterfacehasa portaltableandan accescontrol table. The
accessontrol table for the default interface containsan entry at index zero that allows all membersof the same
group(andhenceuser)to communicate Entriesin the accessontroltablecanbe manipulatedusingthe PtIACEntry
function.

3.9.1 PtIACEntry

int  PtIACEntry( ptl_handle_ni_t interface,
ptl_ac_index t index,
ptl_processid_t matchid,
uid_t uid,
ptl_pt_index t portal );

The PtIACEntry functioncanbe usedto updateanentryin the accessontroltablefor aninterface.

Return Codes

PTL OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_NI Indicateghatinterface is notavalid network interfacehandle.
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PTL_AC_INV_INDEX Indicateshatindex is notavalid accessontroltableindex.
PTL_INV_PROC Indicateghatmatchid is notavalid processdentifier.
PTL_PT_INV_INDEX Indicateshatportal is notavalid portaltableindex.

Arguments

interface input Identifiestheinterfaceto use.

index input Theindex of theentryin theaccessontroltableto update.

matchid input Identifiesthe process(eghatareallowedto performoperationsThevalue
PTL_ID_ANY canbeusedto wildcardeitheror bothcomponent®f the process
identifier

uid input Identifiesthe userthatis allowedto performoperationsThevaluePTL_UID_ANY
canbeusedto specifyary user

portal input Identifiesthe portalindex(es)thatcanbeused.ThevaluePTL_PT_INDEX_ANYcan

be usedto wildcardthe portalindex.

Restrictingaccesdasedn userlD maybedesirablevhenaprocesseedso acceptrequestdrom a procesghat
will be createdsometimein the future. The exactlocationof this processcannotbe known, but it is likely thatthe
ownerof thatprocesss known aheadf time. For example,the MPI libarary may setup someportalsthatexposethe
stateof MPI communicationsAt somelater pointin time, theusermayrunanapplicationthatreadsthisinformation.
The exactlocationof the inspectingapplicationis not known whenthe MPI job is run, but it will allow itself to be
inspectednly by the original ownerof thejob.

3.10 Data MovementOperations
The PortalsAPI providestwo datamovementoperationsPtlPut andPtlGet.

3.10.1 PtlPut
typedef enum { PTL_ACK_REQ, PTL_NOACK REQ ptl_ack req_t;

int  PtiPut( ptl_handle_md_t mem_desc,
ptl_ack _req_t ack_req,
ptl_process_id_t target,
ptl_pt_index_t portal,
ptl_ac_index t cookie,
ptl_match_bits_t match_bits,
ptl_size t offset,
ptl_hdr_data_t hdr_data );

Valuesof the type ptl_ack_req_t are usedto control whetheran acknavledgementshould be sentwhen the
operationcompletes(i.e., when the datahasbeenwritten to a memory descriptorof the target  process). The
valuePTL_ACK_REQequestanacknavledgementthevaluePTL _NOACK_RE@questshatnoacknavledgement
shouldbegenerated.

ThePtIPut functioninitiatesanasynchronouput operation.Therearetwo significanteventsassociateavith a put
operation:completionof the sendby the local node(PTL_EVENT_SENT andthe receiptof an acknavledgement
(PTL_EVENT_ACKindicatingthatthe operationwvasacceptedy thetamget. Thesesventswill beloggedin theevent
gueueassociateavith the memorydescriptofmem_desc) usedin the put operation.Usinga memorydescriptorthat
doesnot have an associatedvent queueresultsin theseeventsbeingdiscarded.In this case the applicationmust
have anothemmechanisnie.qg.,a higherlevel protocol)for determiningwhenit is safeto modify the memoryregion
associatedavith the memorydescriptor

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateghatthe PortalsAPI hasnot beensuccessfullynitialized.
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PTL_INV_MD Indicateshatmem_desc is notavalid memorydescriptor
PTL_INV_PROC Indicateshattarget is notavalid processd.

Arguments

mem_desc  input A handlefor the memorydescriptorthatdescribedshe memoryto besent.If the
memorydescriptothasan eventqueueassociatedvith it, it will beusedto recordan
eventwhenthemessagéasheensent(PTL_EVENT_SENT.

ack_req input Controlswhetheranacknavledgemeneventis requestedAcknowledgementsre
only sentwhenthey arerequestedby theinitiating processaand thememory
descriptothasaneventqueueand thetargetmemorydescriptorenablegshem.

target input A processd for thetargetprocess.
portal input Theindex in theremoteportaltable.
cookie input Theindex into theaccesgontroltableof thetargetprocess.
match_bits  input Thematchbits to usefor messagselectionat thetargetprocess.
offset input The offsetinto thetargetmemorydescriptor(only usedwhenthetargetmemory
descriptothasthe PTL_MD_MANAGE_REMOdjiionset).
hdr_data input 64 bits of userdatathatcanbeincludedin messagéeaderThis datais writtento an
eventqueueentryatthetargetif aneventqueues presenbn the matchingmemory
descriptor
3.10.2 PtlGet
int  PtiGet( ptl_handle_md_t mem_desc,
ptl_process_id_t target,
ptl_pt_index_t portal,
ptl_ac_index_t cookie,
ptl_match_bits_t match_bits,
ptl_size_t offset );

The PtlGet functioninitiatesa remotereadoperation.

Return Codes

PTL _OK Indicatessuccess.
PTL_NOINIT Indicateshatthe PortalsAPI hasnot beensuccessfullynitialized.
PTL_INV_MD Indicateghatmem_desc is notavalid memorydescriptor

PTL_INV_PROC Indicateshattarget is notavalid processd.

Arguments

mem_desc  input A handlefor the memorydescriptorthatdescribegshe memoryinto which the
requestediatawill bereceved. Thememorydescriptorcanhave aneventqueue
associatedvith it to recordevents,suchaswhenthe messagéasheenreceved
(PTL_EVENT_REPLY.

target input A processd for thetargetprocess.

portal input Theindex in theremoteportaltable.

cookie input Theindex into theaccesgontroltableof thetargetprocess.

match_bits  input Thematchbitsto usefor messagselectiomatthetargetprocess.

offset input The offsetinto thetargetmemorydescriptor(ignoredunlessthe targetmemory

descriptothasthe PTL_MD_MANAGE_REMOdjitionset).
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3.11 Summary

We concludethis sectionby summarizinghe namesntroducedby the Portals3.0 API. We startby summarizinghe
namesof the typesintroducedby the API. This is followed by a summaryof the functionsintroducedby the API.
Which is followed by a summaryof the function returncodes. Finally, we concludewith a summaryof the other
constanwaluesintroducedby the API.

Table2 presentsa summaryof the typesdefinedby the PortalsAPI. Thefirst columnin this tablegivesthe type
name the seconccolumngivesa brief descriptionof thetype,thethird columnidentifiesthe sectionwherethetypeis
defined ,andthefourth columnlists the functionsthathave argumentf this type.

Table2: TypesDefinedby the Portals3.0 API

Name Meaning Section Functions

ptl_ac_index_t indexesfor anaccessontroltable 3.2.3 PtIACEntry, PtIPut,PtiGet

ptl_ack_req_t acknavledgementequestypes 3.10.1  PtlPut

ptl_addr_kind_t kindsof processaddressefnid, pid or gid, rid)  3.4.1

ptl_event_kind_t kindsof events(get,put, reply, etc.) 3.8.1 PtiGetld

ptl_event_t informationaboutevents 3.8.2 PHIEQGet

ptl_handle_any _t handledfor ary object 3.2.2 PtINIHandle

ptl_handle_eq_t handledor eventqueues 3.2.2 PtIEQAIlloc, PIEQFree PtIEQCount,
PtIEQGet PtIEQWAIt, PtIMDUpdate

ptl_handle_md_t handlesfor memorydescriptors 3.2.2 PtIMDAIloc, PtIMDUnIlink,
PtiIMDUpdate PtIMEAttach,
PtIMEInsert,PtIPut,PtiIGet

ptl_handle_me_t handlesfor matchentries 3.2.2 PtIMEAttach,PtIMEInsert,
PtIMEUNIink

ptl_handle_ni_t handledor network interfaces 3.2.2 PtINIInit, PtINIFini, PtINIStatus,

PtINIDist, PtIEQAlloc, PtIACEntry;
PtlPut,PtlGet

ptl_id_t identifiers(nid, pid, gid, rid) 3.2.6

ptl_ins_pos_t insertionposition(beforeor after) 3.6.2 PtIMelnsert,PtIMDInsert

ptl_interface_t identifiersfor network interfaces 3.25 PtINIInit

ptl_match_bits_t match(andignore)bits 3.24 PtIMEAttach,PtIMEInsert,PtIPut,
PtiGet

ptl_md_t memorydescriptors 3.7.1 PtIMDAttach, PtIMDInsert,
PtiMDUpdate

ptl_process_id_t processdentifiers 34.1 PtiGetld,PtINIDist, PtIMEAttach,
PtIACEntry, PtIPut,PtiGet

ptl_pt_index_t indexesfor portaltables 3.2.3 PtIMEAttach,PtIACEntry

ptl_size_t sizes 3.2.1 PtIEQAIlloc, PIEQCountPtlIPut,
PtiGet

ptl_sr_index_t indexesfor statusregisters 3.2.7 PtINIStatus

ptl_sr_value_t valuesin statusregisters 3.2.7 PtINIStatus

ptl_unlink_t unlink options 3.6.1 PtIMEAttach,PtIMEInsert,

PtIMDAttach, PtIMDInsert

Table 3 presentsa summaryof the functionsdefinedby the PortalsAPI. Thefirst columnin this tablegivesthe
namefor thefunction,the secondcolumngivesa brief descriptionof the operationmplementedy the function,and
thethird columnidentifiesthe sectionwherethefunctionis defined.

Table 4 summarizeghe return codesusedby functionsdefinedby the PortalsAPI. All of theseconstantsare
integervalues.Thefirst columnof thistablegivesthe symbolicnamefor the constantthe seconccolumngivesabrief
descriptionof thevalue,andthethird columnidentifiesthe functionsthatcanreturnthis value.

Table5 summarizegshe remainingconstantvaluesintroducedby the PortalsAPI. The first columnin this table
presentshe symbolicnamefor the constantthe secondcolumngivesabrief descriptionof thevalue,thethird column
identifiesthetypefor the value,andthe fourth columnidentifiesthe sectiongn which thevalueis mentioned.
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Table3: FunctionsDefinedby the Portals3.0 API

Name Operation Section
PtIACEnNtry updateanentryin anaccesgontroltable 3.9
PtIEQAIlloc createaneventqueue 3.8
PtIEQCount  getthenumbereventsin aneventqueue 3.8
PHEQGet getthenext eventfrom aneventqueue 3.8
PtIEQFree releaseheresourcesor aneventqueue 3.8
PtEQWAit wait for anew eventin aneventqueue 3.8
PtIFini shutdavn the PortalsAPI 3.3
PtiGet performagetoperation 3.10
PtiGetld gettheid for the currentprocess 3.4
Ptlinit initialize the PortalsAPI 3.3
PtIMDAttach  createamemorydescriptorandattachit to amatchentry 3.7
PtIMDBInd createa free-floatingmemorydescriptor 3.74
PtiIMDInsert  createamemorydescriptorandinsertit in alist 3.7
PtIMDUnlink  remove amemorydescriptorfrom alist andreleasets resources 3.7
PtiMDUpdate updatea memorydescriptor 3.7
PtIMEAttach  createa matchentryandattachit to a portaltable 3.6
PtIMEInsert  createamatchentryandinsertit in alist 3.6
PtIMEUnIlink  remove amatchentryfrom alist andreleaséts resources 3.6
PtiINIBarrier  barriersynchronizatioror a procesgroup 3.5
PtINIDist getthedistanceto anothemprocess 35
PtINIFini shutdavn a network interface 3.5
PtINIHandle  getthenetwork interfacehandlefor anobject 3.5
PtINIInit initialize a network interface 35
PtINIStatus reada network interfacestatusregister 3.5
PtiPut performa put operation 3.10
PtiTransld translated 34
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Table4: FunctionReturnCodesfor the Portals3.0 API

Name Meaning Functions

PTL _AC _INV_INDEX invalid accesontroltableindex PtIACEntry

PTL_ADDR_UNKNOWNunknavn processaddress PtlTransld

PTL_EQ _DROPPED atleastoneeventhasbeendropped PtIEQGet PtlWait

PTL EQ EMPTY no eventsavailablein aneventqueue PIREQGet

PTL_FAIL errorduringinitialization or cleanup  Ptlinit, PtIFini

PTL_ILL_MD illegalmemorydescriptovalues PtIMDAttach, PtIMDInsert,PtIMDBInd,
PtIMDUpdate

PTL_INIT_DUP duplicateinitialization of aninterface  PtINIInit

PTL_INIT_INV initialization of aninvalid interface PtINIInit

PTL _INV_ASIZE invalid accessontroltablesize PtINIInit

PTL_INV_EQ invalid eventqueuehandle PtIMDUpdate PtIEQFree PtIEQCount PIEQGet

PTL_INV_HANDLE invalid handle PtINIHandle

PTL_INV_MD invalid memorydescriptothandle PtIMDlInsert,PtIMDUnlink, PtIMDUpdate

PTL_INV_ME invalid matchentryhandle PtIMDAttach, PtIMDInsert

PTL_INV_NI invalid network interfacehandle PtINIBarrier, PtINIDist, PtINIFini, PtIMDBInd,

PTL_INV_PROC

PTL_INV_PSIZE
PTL_INV_PTINDEX
PTL_INV_REG
PTL_INV_SR_INDX
PTL_ML_TOOLONG
PTL_NOINIT
PTL_NOSPACE

PTL_NOUPDATE
PTL_OK
PTL_SEGV

invalid processdentifier

invalid portaltablesize
invalid portaltableindex
invalid statusregister
invalid statusregisterindex
matchlist toolong
uninitialized API
insufficient memory

no updatewasperformed
success
addressingiolation
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PtIEQAIlloc

PtINIDist, PtIMEAttach,PtIMEInsert,
PtIACEntry, PtIPut,PtiGet

PtINIInit

PtIMEAttach

PtINIStatus

PtINIStatus

PtIMEInsert

all, exceptPtlInit

PtINIInit, PtIMDAttach, PtiIMDInsert,
PtIMDBInd, PtIEQAIlloc, PtIMEAttach,
PtIMEInsert

PtIMDUpdate

all

PtIGetld,PtITransld,PtINIInit, PtINIStatus,
PtINIDist, PtINIHandle,PtIMEAttach,
PtIMEInsert,PtIMDAttach, PtIMDInsert,
PtIMDBInd, PtiMDUpdate,PtIEQAlIloc,
PtIEQCount PtIEQGet PtIEQWAit



Table5: OtherConstant®efinedby the Portals3.0 API

Name Meaning Base type Section
PTL ACK_REQ requestinacknaviedgement ptl_ack _req_t 3.10.1
PTL_ADDR_BOTH nid, pid and gid, rid processaddress ptl_addr_kind_t 34.1
PTL ADDR_GID gid, rid processddress ptl_addr_kind_t 3.4.1
PTL _ADDR_NID nid, pid processaddress ptl_addr_kind_t 3.4.1
PTL_EQ_NONE aNULL eventqueuehandle ptl_handle_eq_t 3.7.6
PTL EVENT _GET getevent ptl_event_kind_t 3.8.1
PTL EVENT_PUT putevent ptl_event_kind_t 3.8.1
PTL_EVENT_REPLY reply event ptl_event_kind_t 3.8.1
PTL EVENT_ACK acknavledgemengevent ptl_event_kind_t 3.8.1
PTL_EVENT_SENT sentevent ptl_event_kind_t 3.8.1
PTL_ID_ANY wildcardfor processd fields ptl_id_t 3.6.1
PTL IFACE_DEFAULT defaultinterface ptl_interface_t 3.25
PTL_INS_AFTER insertafter ptl_ins_pos_t 3.6.2
PTL_INS_BEFORE insertbefore ptl_ins_pos_t 3.6.2
PTL MD_ACK_DISABLE aflagto disableacknavledgements int 3.7.1
PTL_MD_MANAGE_REMOTEflag to enablethe useof remoteoffsets  int 3.7.1
PTL_MD_OP_GET aflagto enablegetoperations int 3.7.1
PTL_MD_OP_PUT aflagto enableput operations int 3.7.1
PTL_MD_THRESH_INF infinite thresholdfor amemorydescriptor int 3.7.1
PTL_MD_TRUNCATE aflagto enabletruncationof arequest int 3.7.1
PTL NOACK REQ requesno acknavledgement ptl_ack _req_t 3.10.1
PTL_PT_INDEX_ANY wildcardfor portalindexes ptl_pt_index_t 3.9.1
PTL_RETAIN disableunlinking ptl_unlink_t 3.6.1
PTL SR_DROP_COUNT index for thedroppedcountregister ptl_sr_index_t 3.2.7
PTL_UNLINK enableunlinking ptl_unlink_t 3.6.1
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4 The Semanticsof Messagelransmission

TheportalsAPI usedfour typesof messagegutrequestsacknaviedgementggetrequestsandreplies.In thissection,
we describethe information passedn the wire for eachtype of messageWe alsodescribehow this informationis
usedto processncomingmessages.

4.1 SendingMessages

Table6 summarizesheinformationthatis transmittedor a putrequest.Thefirst columnprovidesadescriptve name
for the information,the secondcolumnprovidesthe typefor this information, the third columnidentifiesthe source
of theinformation,andthefourth columnprovidesadditionalnotes.Most informationthatis transmitteds obtained
directly from the PtIPut operation.Notice thatthe handlefor the memorydescriptorusedin the PtIPut operationis
transmittedeventhoughthis valuecannotbeinterpretedy thetamget. A valueof anything otherthanPTL_MD_NONE
is interpretedasarequesfor anacknavledgement.

Information  Type PtIPut aument Notes

operation int indicatesa putrequest
initiator ptl_process_id_t localinformation

target ptl_process_id_t target

portalindex ptl_pt_index_t portal

cookie ptl_ac_index_t cookie

matchbits ptl_match_bits_t match_bits

offset ptl_size_t offset

memorydesc ptl_handle_md_t mem_desc noackif PTL_MD_NONE
length ptl_size_t mem_desc length  member

data bytes mem_desc start andlength members

Table6: InformationPassedn a PutRequest

Table7 summarizesheinformationtransmittedn anacknavledgementMost of theinformationis simply echoed
from the put request.Notice thatthe initiator andtargetare obtaineddirectly from the put requestput are swapped
in generatinghe acknavledgement.The only new pieceof informationin the acknavledgementis the manipulated
lengthwhichis determinedhsthe put requesis satisfied.

Information Type Putinformation Notes

operation int indicatesanacknavledgement
initiator ptl_process_id_t target

target ptl_process_id_t initiator

portalindex ptl_pt_index_t portalindex echo

matchbits ptl_match_hits_t matchbits echo

offset ptl_size_t offset echo

memorydesc ptl_handle_md_t memorydesc echo

requestedength ptl_size_t length echo

manipulatedength  ptl_size_t obtainedirom the operation

Table7: InformationPassedn an Acknowledgement

Table8 summarizesheinformationthatis transmittedor agetrequestLik e theinformationtransmittedn a put
requestmostof the informationtransmittedin a getrequests obtaineddirectly from the PtIGet operation. Unlike
put requestsget requestsdo not include the event queuehandle. In this case,the reply is generatedvheneser the
operationsucceedandthe memorydescriptormustnot be unlinked until thereply is receved. As such,thereis no
adwantageto explicitly sendingtheeventqueuehandle.

Table9 summarizeshe informationtransmittedn areply. Like anacknavledgementmostof theinformationis
simply echoedrom thegetrequestTheinitiator andtargetareobtaineddirectly from thegetrequestbut areswapped
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Information  Type PtIGet agument Notes

operation int indicatesagetoperation
initiator ptl_process_id_t localinformation

target ptl_process_id_t target

portalindex ptl_pt_index_t portal

cookie ptl_ac_index_t cookie

matchbits ptl_match_hits_t match_bits

offset ptl_size_t offset

memorydesc ptl_handle_md_t mem_desc

length ptl_size_t mem_desc length  member

Table8: InformationPassedn a GetRequest

in generatinghe acknavledgement.The only new informationin the acknaviedgementrethe manipulatedength
andthe datawhich aredeterminedasthe getrequesis satisfied.

Information Type Putinformation Notes

operation int indicatesanacknavledgement
initiator ptl_process_id_t target

target ptl_process_id_t initiator

portalindex ptl_pt_index_t portalindex echo

matchbits ptl_match_bits_t matchbits echo

offset ptl_size_t offset echo

memorydesc ptl_handle_md_t memorydesc echo

requestedength ptl_size_t length echo

manipulatedength  ptl_size_t obtainedfrom the operation
data byt es obtainedfrom the operation

Table9: InformationPassedn aReply

4.2 Receving Messages

When an incoming messagearriveson a network interface,the runtime systemfirst checksthat the target process
identifiedin the requests a valid procesghat hasinitialized the network interface(i.e., that the target processhas
avalid portaltable). If this testfails, the runtime systemdiscardsthe messagandincrementshe droppedmessage
countfor theinterface. The remainderof the processinglepend®on the type of theincomingmessagePutandget
messagesare subjectto accesontrol checksandtranslation(searchinga matchlist), while acknaviedgementnd
reply messagebypasghe accesgontrolchecksandthetranslationstep.

Acknowledgemenimessageiclude a handlefor the event queuewherethe event shouldbe recorded. Upon
receiptof an acknavledgementthe runtime systemonly needsto confirm that the event queuestill exists andthat
thereis spacefor anotherevent. Shouldthe eventqueueno longerexist or if thereis not sufficient spacen the event
gueue the messagés simply discardedandthe droppedmessageountfor the interfaceis incremented Otherwise,
theruntimesystembuilds anacknavledgemengventfrom theinformationin theacknavledgementmessagandadds
it to theeventqueue.

Receptiorof reply messagess alsorelatively straightforvard. Eachreply messag@ncludesa handlefor amemory
descriptor If this descriptorexists, it is usedto receve the messageA reply messagevill bedroppedf thememory
descriptoridentifiedin therequestioesnt exist or if theeventqueuein the memorydescriptotasno spaceandis not
PTL_EQ_NONEHNn eitherof thesecasesthe droppedmessageountfor theinterfaceis incremented Thesearethe
only reasondor droppingreply messagesEvery memorydescriptoracceptsandtruncatesncomingreply messages,
eliminatingthe otherpotentialreasongor rejectinga reply message.

Thecritical stepin processing@nincomingputor getrequestnvolvesmappingtherequesto amemorydescriptor
This stepstartsby usingthe portalindex in theincomingrequesto identify a list of matchentries.This list of match
entriesis searchedn orderuntil amatchentryis found whosematchcriteriamatcheghe matchbits in theincoming
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requestandwhosefirst memorydescriptoracceptgherequest.

Becauseacknavledgeand reply messagesare generatedn responsdo requestanadeby the processeceving
thesemessagesthe checksperformedby the runtime systemfor acknavledgementsand repliesare minimal. In
contrast,put andget messageare generatedy remoteprocessesandthe checksperformedfor thesemessageare
moreextensive. Incomingput or getmessagemayberejectedbecause:

¢ theportalindex suppliedin therequesis notvalid,;

o thecookiesuppliedin therequesis notavalid accesontrolentry;

¢ theaccesgontrolentryidentifiedby the cookiedoesnot matchtheidentifier of therequestingrocess;
e theaccesgontrolentryidentifiedby the cookiedoesnot matchtheidentifier of therequestingiser;

¢ theaccessontrol entryidentified by the accessontrol entry doesnot matchthe portalindex suppliedin the
requestpr

e the matchbits suppliedin the requestdo not matchary of the matchentrieswith a memorydescriptorthat
acceptgherequest.

In all casesjf the messagés rejected,the incoming messagés discardedand the droppedmessageountfor the
interfaceis incremented.
A memorydescriptormayrejectanincomingrequesfor ary of thefollowing reasons:

e thePTL_MD_PUTor PTL_MD_GETptionhasnot beenenabledandthe operationis put or get,respectiely;

¢ thelengthspecifiedin the requesis too long for the memorydescriptorandthe PTL_MD_TRUNCATEption
hasnot beenenabled,;

¢ theeventqueues notPTL_EQ_NONRBNdthereis no spaceor anew event.

5 Examples

In this sectionwe presentsereral exampleto illustrate expectedusagepatternsfor the Portals3.0 API. The first
exampledescribesow to implementparallelsenersusingthe featuresof the Portals3.0 API. This examplecovers
the accessontrol list andthe useof remotemanagedffsets. The secondexamplepresentsan approacho dealing
with droppedrequestsThis examplecoversaspect®f matchlists andmemorydescriptorsThefinal examplecovers
messageeceptionin MPI. This exampleillustratesmoresophisticatedisesof matchinganda procedurdo updatea
memorydescriptor

5.1 Parallel File Sewers

Figure5 illustratesthelogical structureof a parallelfile sener. In this casethe parallelsener consistof four seners
thatstripeapplicationdataacrossour disks.We would lik e to presentapplicationswith theillusion thatthefile sener
is asingleentity. We will assumehatall of the processethat constitutethe parallelsener arein a singlegroupand
thatthis groupis uniqueto the parallelsener.

Whenanapplicationestablishes connectiorto the parallelfile sener, it will allocatea portalandaccessontrol
list entryfor communicatingvith thesener. Theaccesgontrollist entrywill includetheportalandmatchany process
in theparallelfile sener'sgroup,soall of thefile senerprocessewill haveaccesso theportal. Theportalinformation
andaccesgontrolentrywill besentto thefile seneratthistime. If theapplicationandsener needto have multiple,
concurrent/O operationsthey canuseadditionalportalsor matchentriesto keepthe operationgrom interferingwith
oneanother

Whenanapplicationinitiatesan|/O operationit first buildsamemorydescriptothatdescribeshememoryregion
involvedin the operation.This memorydescriptowill enablethe appropriateoperation(put for readoperationsand
getfor write operationsandenablethe useof remoteoffsets(this letsthe senersdecidewheretheir datashouldbe
placedin the memoryregion). After creatingthe memorydescriptorandlinking it into the appropriateportal entry;
theapplicationsendsareador write reques{usingPtlPut) to oneof thefile sener processesThefile senerprocesses
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Figure5: ParallelFile Sener

canthenuseputor getoperationswith theappropriateffsetsto fill or retrieve the contentsf theapplications buffer.
To know whenthe operatiorhascompletedtheapplicationcanaddaneventqueueto thememorydescriptorandadd
up thelengthsof the remoteoperationsuntil the sumis the sizeof therequested/O operation.

5.2 Dealingwith DroppedRequests

If a processdoesnot anticipateunexpectedrequeststhey will be discarded. Applicationsusing the PortalsAPI
canquerythe droppedcountfor theinterfaceto determineghe numberof requestghat have beendropped(seeSec-
tion 3.5.4).While thisapproachminimizesresourceonsumptionit doesnot provideinformationthatmightbecritical
in deluggingtheimplementatiorof a higherlevel protocol.

To keeptrack of moreinformationaboutdroppedrequestswe usea memorydescriptorthat truncateseachin-
comingrequesto zerobytesandlogs the “dropped” operationgn an eventqueue.Note thatthe operationsare not
droppedn the Portalssensebecausé¢heoperationsucceeds.

Thefollowing codefragmentillustratesanimplementatiorof this approachin this case we assumehata thread
is launchedto executethe function watch_drop . This codestartsby building an event queueto log truncated
operation@anda memorydescriptotto truncate¢heincomingrequestsThis exampleonly capturesdropped’requests
for asingleportal. In a morerealisticsituation,the memorydescriptowould be appendedo the matchlist for every
portal. We alsoassumehatthethreadis capableof keepingup with the“dropped”requestsif thisis notthecasewe
couldusealfinite thresholdon the memorydescriptorto capturethefirst few droppedrequests.

#include<stdio.l>
#include<stdlibh>
#include<portals.h>

#defineDROP_SIZE32  /x numberof droppedequestso track+

int watch.drop(ptl_handleni_t ni, ptl_ptindex_t index ) {
ptl_handleeqt drop events;
ptl_eventt event;
ptl_handlemd.t dropem;
ptl_md_t drop.desc;
ptl_processd_t ary_proc;
ptl_handlemet matchary;

I+ createtheeventqueueyd

if( PtIEQAIlloc(ni, DROP_SIZE, &drop_events)# PTL.OK ) {
fprintf( stderr"Couldn't  create the event queue\n" );
exit( 1);

}



/% build a matchentry+

ary_proc.pidnid = PTL_ADDR_GID;

ary_proc.gid= PTL_ID_ANY;

ary_proc.rid= PTL_ID_ANY;

PtIMEAttach(index, ary_proc,0, ~(ptl_matchbits t)0, PTL_.RETAIN,
&matchary );

I+ createthe memorydescripto

dropdesc.start NULL;

drop.desc.lengttx 0;

dropdesc.threshold PTL.MD_THRESH.INF;

drop.desc.options PTL.MD_OP_PUT | PTL.MD_OP.GET | PTL.MD_TRUNCATE;
drop.desc.useptr = NULL;

dropdesc.gentq= drop.events;

if( PtIMDAttach(matchary, drop.desc,&drop_em)# PTL_.OK) {

fprintf( stderr "Couldn't  create the memory descriptor\n” );
exit( 1);

}

I+ watchfor "dropped”requests

while(1) {

if( PtIEQWAit( drop events,&event) # PTL_OK ) break;
fprintf( stderr "Dropped request from gid =%d, rid =%d\n",
event.initiatorgid, event.initiatorrid );

5.3 Messagelransmissionin MPI

We concludethis sectionwith afairly extensive examplethatdescribesan approacho implementingmessagérans-
missionfor MPI. Like mary MPI implementationsye distinguishtwo messagéransmissiorprotocols:a shortmes-
sageprotocolandalong messag@rotocol. We usethe constanMPI_LONG_LENGTHb determinehesizeof along
message.

For smallmessageshesendeisimply sendgshemessag@andpresumeshatthemessagavill bereceved(i.e.,the
recever hasallocateda memoryregion to receive the messagéody). For large messageghe senderalsosendshe
messagebut doesnot presumehatthe messagdody will be saved. Instead the senderbuilds a memorydescriptor
for the messag@ndenablegyet operationson this descriptor If the targetdoesnot save the body of the messageit
will recordaneventfor the put operation. Whenthe procesdaterissuesa matchingMPI receve, it will performaget
operationto retrieve thebody of themessage.

Thefollowing codepresents functionthatimplementghesendsideof the protocol. TheglobalvariableEndGet
is the last matchentry attachedo the portal index usedfor postinglong messagesThis entry doesnot matchary
incomingrequestgi.e., the memorydescriptorrejectsall getoperationsandis built duringinitialization of the MPI
library. The otherglobalvariableMPI1_NI , is ahandlefor the network interfaceusedby the MPI implementation.

externptl_handlemet EndGet;
externptl_handleni_t MPI_NI;

void MPIsend(void xbuf, ptl_sizet len, void xdata,ptl_handleeqt eventq,
ptl_processd target, ptl_matchbits_t match)
{

ptl_handlemd.t sendhandle;
ptl_-md_t memdesc;
ptl_ack reqt wantack= PTL_ NOACK_REQ;

mem.desc.start buf;

memdesc.length= len;
mem.desc.threshold 1;
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memdesc.options PTL.MD_GET_OP;
mem.desc.useptr = data;
mem.desc.gentq= eventq;

if( len > MPI_LLONG_LENGTH) {
ptl_handleme.t me handle;

[+ adda matchentryto theendof thegetlist 4
PtIMEInsert(target,match,0, PTL_.UNLINK, PTL_INS_.BEFORE,EndGet&me_handle);
PtIMDAttach(me_handle memdesc,PTL_UNLINK, NULL );

I+ we wantanackfor long messages
wantack= PTL_ACK_REQ;

}

/% createa memorydescriptorandsendit ¥
PtIMDBInd( MPI_NI, memdesc.&sendhandle);
PtIPut(sendhandle wantack,target, MPI_SEND_PINDEX, MPI_AINDEX, match,0);

}

TheMPISend functionreturnsassoonasthe messagéasbeenscheduledor transmissionThe eventqueueargu-
ment,eventq , canbeusedo determinghedispositionof themessageAssuminghateventq isnotPTL_EQ_ NONE
aPTL_EVENT_SENTeventwill berecordedfor eachmessagasthe messages transmitted.For small messages,
thisis the only eventthatwill berecordedn eventq . In contrastlong messagemcludean explicit requestfor an
acknavledgement.If thetarget processhasposteda matchingreceive, the acknavledgemenwill be sentasthe
messagés recevved. If a matchingreceive hasnot beenpostedthe messagevill be discardecandno acknavledge-
mentwill besent.Whenthetarget procesdaterissuesa matchingreceve,thereceve will betranslatednto a get
operatiomanda PTL_EVENT_GETeventwill berecordedn eventq .

Figure6 illustratesthe organizationof a matchlist for receving MPI messagesThe matchlist startswith entries
thatmatchthe prepostedvPI recevves(theseentriesarenotshavn in Figure6); followedby a matchentrythatrejects
all incomingrequestscalledthe RevMark; followed by two matchentriesthat matchall incomingrequestsThelast
two matchentriesare usedfor unexpectedmessages,e., messagethat do not matchary of therecevesthathave
beenpostedby thelocal MPI process.Thefirst of thesehandlesshortmessageby saving the body of the message,
while the seconchandledong messageby discardingthe messagéody. All of the memorydescriptorsassociated
with thesematchentriessharea commonevent queueto ensurethat unexpectedmessagesre processedn arrival
ordet

Whenthe local MPI procesgpostsan MPI receive, a new matchentryis insertedbeforethe RcvMark entry and,
assuch,after all of the previously postedreceves. This ensureghat prepostedecevesare matchedin the order
that they were posted(a requirementof MPI). Insertingan entry for a prepostedeceve is not a matterof simply
insertinga matchentry beforethe RevMark. You mustfirst checkto seeif a matchingmessagédasarrived before
addingthe new entry to matchlist. The trick is to avoid the raceconditionthat resultsfrom the possibility that a
matchingmessagearrivesafter you have searchedhe matchlist, but beforeyou have insertedthe prepostedeceie.
Thefunctionpresentedn

The following code presentsa function that avoids this race condition. The codestartsby creatinga memory
descriptoranda matchentry which is insertedbeforethe RcvMark. Becausehe memorydescriptors threshold
is initially setto zero,the memorydescriptorwill not respondtio any incomingoperations.After insertingthe nen
matchentry, the code searchedor a matchingmessagehat hasalreadybeenreceved. If a matchis found, the
memorydescriptorandmatchentry arereleasedandthe functionreturns. Otherwise the codeconditionallyupdates
thethreshold  memberof the memorydescriptor The updateis predicatedby the conditionthat no unexpected
messagebave arrivedsincethe startof thesearch.

externptl_handleeqt UnexpQueue;
externptl_handlemet RcvMark;
externptl_handleme_t ShortMatch;

typedefstructeventlist_tag{
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Match Entries  Memory Descriptors Event Queues Memory Regions

Preposted
Receives
RcvMark Match None None
Unexpected Match Any Short Messag e
Messages Unlink Buffer
Short Message
Unlink \ Buffer
\ Unexpected
Message
Event Queu
Short Message /
Unlink Buffer
Length=0
Match Any Truncate
No Ack
Figure6: Messagdreceptionin MPI
ptl_eventt event;
structeventlist_tag=next;
} eventlist;

externeventlist Rcvd;

void AppendRcvdftl_eventt event)

{

I+ appencaneventontothe Revdlist #

}

int SearchRcvdyoid =buf, ptl_sizet len, ptl_processd_t senderptl_matchbits_t match,
ptl_matchbits_t ignore,ptl_eventt xevent)
{

[+ Searchthe Rcvdeventqueuejooking for amessagehatmatcheghe requesteanessage.
= If oneis found,remove theeventfrom the Rcvdlist andreturnit.

}
typedefenum{ RECEIVED,POSTED} receve_state;
receve_stateCopyMsg(void =buf, ptl_sizet length,ptl_eventt event, ptl_md.t md_buf )

ptl_-md_t md_buf;
ptl_handleme.t me_.handle;

if( event.rlength> MPI_LONG_LENGTH ) {
PtIMDBInd( MPI_NI, md_buf, &md_handle);
PtiGet(event.initiator MPI_GET_PINDEX, 0, event.matchbits, MPI_AINDEX, md_handle);
returnPOSTED;
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} else{
Ix copy the messagandregycle the buffer 4
memcyy( buf, event. mddesc.startlen);
event.mddesc.thresholé 1;
PtIMDAttach(ShortMatchgvent.mddesc,PTL_UNLINK, NULL );
returnRECEIVED:;

}

}

receve_stateMPlreceve(void buf, ptl_sizet len, void *MPI_data,ptl_handleeqt eventq,
ptl_processd-t senderptl_matchbits_t match,ptl_matchbits_t ignore)
{

ptl_md_t md_buf;
ptl_handlemd.t md_handle;
ptl_handlemet me handle;
ptl_eventt event;

/+ build amemorydescriptorfor thereceve
md_buf.start= buf;

md_buf.length=len;

md_buf.threshold=0; /x temporarilydisabled¥
md_buf.options= PTL_.MD_PUT_OP;
md_buf.userptr = MPI_data;

md_buf.eventq= eventq;

I+ seeif we have alreadyrecevedthe messagé
if( SearchRcvd(lof, len, sendermatch,ignore,&event))
returnCopyMsg( buf, length,event, md_buf );

I/« createthe matchentry andattachthe memorydescriptor
PtIMEInsert(sendematch,ignore,PTL_.UNLINK, PTL_INS_.BEFORE,RcvMark,&me_handle);
PtIMDAttach(me.handle md_buf, PTL_UNLINK, &md_handle);

md_buf.threshold= 1;
do
if( PIEQGet(UnexpQueueg&event) # PTL.LEQ.EMPTY) {
if( MPIMatch(event, match,ignore,sender) {
PtIMDUnlink( md_handle); /«+ don' leave thereceie postedd
returnCopyMsg( buf, len, event,md_buf );
} else{
AppendRcvdvent);

}
while( PtIMDUpdate(mdhandle NULL, &md_buf, unexp_queue)== PTL_NOUPDATE );
returnPOSTED;
}
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